We recorded the neuronal activity in the arm area of the motor cortex and parietal area 7a of two monkeys during interception of stimuli moving in real and apparent motion. The stimulus moved along a circular path with one of five speeds (180-540°/s), and was intercepted at 6 o'clock by exerting a force pulse on a semiisometric joystick which controlled a cursor on the screen. The real stimuli were shown in adjacent positions every 16 ms, whereas in the apparent motion situation five stimuli were flashed successively at the vertices of a regular pentagon. The results showed, first, that a group of neurons in both areas above responded not only during the interception but also during a NOGO task in which the same stimuli were presented in the absence of a motor response. This finding suggests these areas are involved in both the processing of the stimulus as well as in the preparation and production of the interception movement. In addition, a group of motor cortical cells responded during the interception task but not during a center → out task, in which the monkeys produced similar force pulses towards eight stationary targets. This group of cells may be engaged in sensorimotor transformations more specific to the interception of real and apparent moving stimuli. Finally, a multiple regression analysis revealed that the timevarying neuronal activity in area 7a and motor cortex was related to various aspects of stimulus motion and hand force in both the real and apparent motion conditions, with stimulus-related activity prevailing in area 7a and hand-related activity prevailing in motor cortex. In addition, the neural activity was selectively associated with the stimulus angle during real motion, whereas it was tightly correlated to the time-to-contact in the apparent motion condition, particularly in the motor cortex. Overall, these observations indicate that neurons in motor cortex and area 7a are processing different parameters of the stimulus depending on the kind of stimulus motion, and that this information is used in a predictive fashion in motor cortex to trigger the interception movement.
Introduction
A very common behavior in animals is to generate movements towards moving objects. For example, intercepting or hitting objects is an important part of the behavioral repertoire of primates, including humans. For a successful interception, subjects need to take into account both the visual information about the moving object and the parameters of the interception movement. At the neurophysiological level, several aspects of interception behavior have been studied separately. For example, a wealth of information has been accumulated regarding the neural mechanisms of visual motion in the middle temporal area, MT, and the medial superior temporal area, MST (Albright, 1984; Maunsell and Van Essen, 1983a ; for a review, see Andersen, 1997) , as well as regarding the encoding and decoding of kinetic and kinematic aspects of movement in the motor cortex (for a review see Evarts, 1981; Georgopoulos, 1999) . In addition, it has been demonstrated that the visual superior temporal areas are connected to the posterior parietal cortex (PPC; Cavada and Goldman-Rakic, 1989b; Maunsell and Van Essen, 1983b) , which in turn is linked to the dorsal and ventral premotor areas (Johnson et al., 1996; Marconi et al., 2001 ). Thus, due to its connectivity and functional properties, the PPC has been described as an association area involved in sensory integration, spatial attention, coordinate transformation and the formation of early plans for movement execution based on visual information (Colby and Goldberg, 1999; Battaglia-Mayer et al., 2001; Andersen and Buneo, 2002) . In fact, several studies have demonstrated the tight functional link between particular regions of PPC and premotor cortex during reaching and grasping stationary objects (Caminiti et al., 1998; Sakata et al., 1998; Rizzolatti and Luppino, 2001 ). However, even though the parieto-frontal system is an obvious candidate to be engaged in the interception of moving stimuli, little is known about the neural mechanisms in these areas that subserve the sensorimotor integration and predictive processes involved in the interception moving targets.
In initial psychophysical experiments, human subjects were instructed, and monkeys were trained, to intercept stimuli that moved with different accelerations and total travel times Port et al., 1997) . It was found that the subjects could adopt one of three strategies to initiate an interception movement: one concordant with the threshold distance model, another following the threshold time-to-contact (τ) model, or one that was a combination of the previous two . The first model assumes that the interceptive movement is initiated after the stimulus travel distance reaches a certain threshold value (Collewijn, 1972; van Donkelaar et al., 1992) , whereas the second supposes that the movement is initiated when the instantaneous first-order estimate of the time to arrival attains a particular threshold (Lee, 1976) . The results of neurophysiological studies using this task showed that the activity of groups of motor cortical neurons was modulated by the parameters of the moving stimulus, the time-tocontact, and/or the kinematics of interception movements Port et al., 2001) . In the present study we investigated the neural mechanisms of two areas in the parietofrontal system underlying the interception behavior. Specifically, we determined the functional properties of neurons in motor cortex and area 7a during interception of real or apparent circularly moving stimuli. Preliminary results have been reported (Merchant et al., 2001a) .
Materials and Methods

Animals
Two male rhesus monkeys (Macaca mulatta, 4 and 7 kg body wt) were used in these experiments. Animal care conformed to the principles outlined in the Guide for Care and Use of Laboratory Animals (National Institutes for Health publication no. 85-23, revised 1985) . The experimental protocol was approved by the Institutional Review Board.
Visual Display
Stimuli were back-projected on a tangent screen using a LCD projector (NEC Multisync MT 820/1020). The tangent screen was 69 × 69 cm and was placed 48.5 cm in front of the animal. The moving stimulus was a black circle of 1.44 cm (1.7° of visual angle [DVA] ), and traveled on a low contrast circular annulus of 15.2 DVA outside diameter and 1.7 DVA width (Fig. 1) . The stimuli could move in real or apparent motion (Fig. 1A) with one of five angular velocities: 180, 300, 420, 480 and 540°/s. In the real motion condition the stimulus was displayed every 16.7 ms, resulting in a smooth stimulus motion, which was indistinguishable from a continuously moving stimulus. In the apparent motion condition five stimuli were flashed successively for 16.7 ms at the vertices of a regular pentagon. The ISI in this condition was 400, 240, 166.6, 150 and 133.4 ms for the speed of 180, 300, 420, 480 and 540°/s, respectively. All the stimuli traveled counterclockwise (CCW). Finally, the starting points for real moving stimuli were: 216, 198, 144, 126 and 108° , and for apparent moving stimulus were: 72, 36, 288, 288 and 0° for the speeds of 180, 300, 420, 480 and 540°/s, respectively. These starting positions were chosen based on the threshold of minimum processing time to intercept the stimulus in its first revolution, quantified in a previous paper (Merchant et al., 2003a) .
Tasks
Interception Task
In this task the monkeys were seated in a primate chair and operated a semi-isometric joystick (Measurement Systems Inc., Model 467-G824, Norwalk, CT) to intercept moving stimuli. The joystick was a vertical rod placed in front of the monkey at midsagittal level and controlled a net force-feedback cursor which was displayed in the monitor as a circle of 1.7 DVA in diameter (Fig. 1B) . The x-y force exerted by the monkey on the joystick was sampled every 5 ms. The feedback cursor was deflected constantly by 0.85 DVA upward to simulate a bias force of 0.108 N and reflected, at any given moment, the net force, i.e. the vector sum of this simulated force and the force exerted by the animal on the joystick. At the beginning of the trial, the animal had to place the force-feedback cursor within a gray circle of 3.4 DVA in diameter ('center window', located at the center of the screen) by exerting a minimum of 0.108 N of force in the downward direction and keep it there for a variable delay period (1000-3000 ms), after which the stimulus began to move. The monkeys intercepted the moving stimulus by applying a net force pulse on the joystick (minimum 0.89 N) such that the force feedback cursor intercepted the moving stimulus at 6 o'clock (i.e. 270°). This experimental configuration was such that, in the apparent motion condition, the monkeys intercepted a stimulus that crossed the 6 o'clock position in a perceptual rather than in a physical sense. After the interception (when the cursor crossed the gray path), the screen was frozen and the position of the stimulus and the feedback cursor at interception was shown for 200 ms. This provided to the monkeys some feedback about their interception performance. Monkeys received a liquid reward if the angle between the cursor and the stimulus was <18°. This version of the task was performed by both monkeys without eye position constrains. In addition, monkey 2 was trained in the interception task with eye fixation. In this paradigm, a trial started when the monkey fixated, within 2 DVA window, a yellow point (1 DVA in diameter) located at the center of the center window. Then, the force feedback cursor was presented, and the animal had to place it within the center window. The cursor was to be kept in the center window for a variable delay period (1000-3000 ms), after which the stimulus began to move. The monkey had to intercept the stimulus at 6 o'clock, and after the interception movement was completed the animal continued to fixate for an additional 200 ms. At the end of this period, a reward was delivered if the angle between the cursor and the stimulus was less than 18°. The x-y eye position was monitored using an oculometer (Dr Bouis, Karlsruhe, Germany). Both the eye and the joystick position were sampled at 200 Hz; the tangential eye velocity was calculated by differentiating eye position. The reaction time (RT) was defined as the period from the beginning of the stimulus movement to the moment at which the force pulse exceeded the mean + 2 SD of the force during the control period, considered the beginning of the movement (Fig. 1B) . The movement time (MT) corresponded to the period between the beginning of the movement of the cursor and the time at which the force pulse reached 0.89 N, a force level that corresponded to the feedback cursor crossing the low contrast path (Fig. 1B) . Finally, the total experimental time (TET) was: TET = RT + MT. The different combinations of stimulus velocities and motion conditions were interleaved and presented in a pseudorandom order. A repetition consisted of five trials in the real motion condition and of five trials in the apparent motion condition (with the same five stimulus velocities). Usually five repetitions were collected in each task.
NOGO Task
The same target speeds, motion conditions and starting points were used. However, in order to cue the animals and distinguish the interception from the NOGO task, a red instead of a gray center window was presented. At the beginning of the trial, the animal had to place the force feedback cursor within the red center window for a variable delay period (1000-3000 ms), after which the stimulus moved for 2000 ms. The monkeys were trained to fixate, within 2 DVA, a yellow dot (1 DVA in diameter) located at the center of the center window, for the duration of stimulus presentation. The animals received a liquid reward if the cursor was maintained inside the center window throughout the entire trial. Five repetitions of this task were performed in a randomized block design.
Center → Out Motor Task
In this task the monkeys produced semi-isometric force pulses on the joystick in 8 radial directions, in response to the presentation of a peripheral stimulus on an imaginary circle of 0.89 N force radius. A force feedback cursor on the screen indicated the current net force exerted on the joystick; a constant upward bias of 0.108 N was applied, corresponding to a deflection of the cursor of 0.85 DVA. A trial began with the appearance of a light spot at the center of the screen which prompted the monkey to exert a downward force of 0.108 N on the joystick to align the force feedback cursor to the center spot within a circular force window of 0.217 N radius. Then, after a variable delay of 1000-3000 ms, a light spot appeared in one of eight locations, separated by 45° and with an eccentricity of 6.8 DVA, which prompted the monkey to apply a force pulse (>0.89 N) on the joystick such that the force feedback cursor would move in the direction of the peripheral stimulus for the monkey to obtain a liquid reward. Five repetitions of this task were performed in a randomized block design.
Neural Recordings
Impulse activity of single neurons was recorded extracellularly from area 7a and the proximal arm area of the motor cortex (left hemisphere) (for details, see Merchant et al., 2001b) . All isolated neuronal potentials were recorded regardless of their activity during the task, and the recording sites changed from session to session. The presentation of the visual stimuli, behavioral control and data collection were carried out by a personal computer. Online raster displays were generated on a computer monitor.
Electromyographic (EMG) Activity
The EMG activity was recorded in separate sessions from the neural recordings using intramuscular, multistranded, Teflon-coated wire electrodes (Schwartz et al., 1988) . EMG activity of the following muscles was recorded in the first monkey, contralateral to the recording side: rhomboideus major, trapezius, deltoideus (anterior, middle and posterior), pectoralis major, triceps brachii, biceps brachii, extensor digitorum communis and forearm flexor (unspecified). The same muscles were recorded from in the second monkey, with the addition of supraspinatus, infraspinatus and latissimus dorsi. The EMG signal was amplified, rectified, filtered and sampled at 200 Hz.
Data Analysis
General
An analysis of covariance (ANCOVA) was performed for each neuron, using the motion condition and stimulus speed as factors and the discharge rate (based on spike counts) during the last 500 ms of the control-holding period as the covariate. The frequency of discharge during the TET was the dependent variable. The spike counts were square-root transformed to stabilize the variance (Cox and Lewis, 1966; Snedecor and Cochran, 1989) . The program 2V of the BMDP/ Dynamic statistical package (BMDP Statistical Sotfware Inc., Los Angeles, CA) was used to execute the ANCOVA. In addition, for those neurons that did not show statistically significant effects on the ANCOVA, we performed a one-way analysis of variance (ANOVA) between the discharge rate during the control period and TET, to identify the cells that showed general changes in their activity during interception. The level of statistical significance to reject the null hypothesis for all statistical analyses was set at α = 0.05. The results of the ANCOVA and the ANOVA were consistent between monkeys and were combined. Cells were included in the analysis if they were recorded during the interception, the NOGO and the center → out tasks for at least four repetitions. In addition, the neurons required to have a mean firing rate >0.6 impulses/s. Of a total of 910 cells recorded in area 7a, 766 fulfilled the criteria above and analyzed further. In motor cortex, 1112 cells were recorded and 776 fulfilled the criteria and analyzed further.
Spike Density Functions
The spike trains for each trial in the task were converted to 1 ms spike density functions using the fixed kernel method with a Gaussian pulse of 20 ms (Richmond and Optican, 1987) .
Activation Periods
An activation period was defined as the interval during the TET where the mean spike density function for a particular stimulus speed and motion condition exceeded the mean + 3 SD of the control spike density function during the 500 ms before stimulus onset.
Multiple Linear Regression with an Autoregressive Error Component
We investigated the relations between the time-varying cell activity during the interception task and the stimulus position, the time-tocontact, and the vertical hand force and hand force velocity (see below). However, since during the interception task the monkeys could move their eyes freely, it was necessary to account for the neural signals related to eye position, before performing an analysis of the stimulus and hand movement parameters. For that purpose, we carried out a multiple linear regression analysis between the time-varying single cell activity and eye position. An autoregressive component was added to the regression model to take in to account the correlation between residuals that occurs in time series regression. The model was the following:
where f t is the SDF at time t, b 0 is a constant, b 1 is the regression coefficient of the x coordinate of the eye position at time t, b 2 is the regression coefficient of the y coordinate of the eye position, ρ is the firstorder autoregressive coefficient, and ε t is a normally distributed, uncorrelated random error with variance σ 2 and mean = 0. This regression model was performed using the data of real and apparent motion stimuli. The statistical significance of the regression model was determined using an F-test (P < 0.01). In order to account for eye position related signals, we used the residuals of the eye position regression as the dependent variable in the next multiple regression model (see equation 2). However, these residuals were used as dependent variables in equation (2) only if the neurons showed significant eye position effects. Otherwise, the original SDF was used as dependent variable.
Once the eye position regression was performed, we computed a multiple linear regression in order to evaluate the relations between the cell activity and the stimulus position (angle θ), the time-tocontact (τ), and the vertical hand force and its rate of change. An autoregressive component was added again to the regression model which was defined as:
where f t is the SDF or the residual (with respect to eye position) at time t, b 0 is a constant, and b 1 -b 5 are the regression coefficients, ρ is the first-order autoregressive coefficient, and ε t is an uncorrelated, normally distributed random error with variance σ 2 and mean = 0. This regression was performed separately for the real and apparent motion conditions and for different lags (∆1, ∆2 and ∆3) between the SDF and the stimulus and movement parameters. The time lag ∆1 was the stimulus angle lag and varied from -160 to +160 ms, ∆2 was the time-tocontact lag and also varied from -160 to +160 ms, and finally, ∆3 was the hand force lag and varied from 0 to +160 ms. These three time lags were utilized so that the time shifts of the stimulus, the time-tocontact and the hand force could be assessed independently, and were shifted in 40 ms intervals. Therefore a total of 405 regression models were performed for each motion condition in every cell. The regression with the largest R 2 in the real and apparent motion conditions was used as the final model for each neuron.
A detailed collinearity analysis was performed on the independent variables. High values of tolerance values (>0.4) were observed for all
variables. (The tolerance is calculated as 1 -R 2 for an independent variable when it is predicted by the other independent variables already included in the analysis.) Therefore, we concluded that the variables used in our model did not covary substantially. In both regression models (equations 1 and 2) we used the Cochrane-Orcutt method, which consisted of an iterative process to optimize ρ, as stated in SPSS 7.0 Statistical Algorithms (procedure AREG; SPSS Inc., Chicago, IL).
Analysis of Frequencies of Occurrence of Significant Parameter is the Regression
The above multiple linear regression analysis identified the variables that showed a significant effect on the neural activity. However, this analysis did not identify which parameters were associated or showed concurrent significant effects in a single cell. For this purpose, we constructed six 2 × 2 tables for all possible pairs of variables (e.g. stimulus angle and hand force) containing the frequency of significant and non significant cases. Chi-square statistics (two-tailed) were used to determine the level of statistical significance of association between pairs of variables. In addition, we calculated the φ coefficient that can range from -1 to +1, and that not only expresses the strength of an association between variables, but also the direction of the association. These analyses were carried out for both areas in the real and apparent motion conditions.
Results
Behavioral Performance
The primary measure of performance was the angular error in direction, defined as the signed angle, θ, between the stimulus and the feedback cursor when the cursor crossed the middle of the low contrast path ( Fig. 2A) . As can be seen in this figure, there was a slight difference between the real and apparent motion conditions but in both of them θ was near zero for all stimulus speeds, with a small increase with increasing speed. This directional error differed significantly among stimulus speeds in both monkeys and in both types of stimulus motion (ANOVA, P < 0.0001). This indicates that both monkeys could intercept the real and apparent moving stimuli with a high level of accuracy, although there was a tendency to make systematic late interceptions as the speed increased. The performance of the two monkeys was very similar and consistent, and thus the data were combined.
The SD of the angle θ, named variable error in direction, increased as a linear function of the stimulus speed in the real motion condition, and was systematically higher for the apparent motion situation (Fig. 2B ). In fact, both the stimulus speed and the motion condition showed significant effects in the ANOVA (P < 0.0001). The stimulus position at the beginning of the interception movement (SAI) decreased asymptotically as a function of the stimulus speed in both motion conditions (Fig. 2C) . The ANOVA showed significant effects of both motion conditions and target speed factors (P < 0.0001). Finally, the movement time decreased slightly as a function of the stimulus speed and was larger in the real than in the apparent motion condition (Fig. 2D) , with significant effects on both variables (ANOVA, P < 0.0001).
In summary, the performance of both monkeys in the interception task was very accurate, with a small tendency to make late interceptions as a function of the speed in both motion conditions, and an increase in the variability of the angle error in the apparent motion situation. Regarding the strategy followed to initiate the interception movement, it was difficult to assign a particular model to the real and apparent motion data, since the movement time and the SAI were not constant. For example, according to the threshold distance model, the interception movement should start at a constant distance from the interception zone, but in this case the SAI decreased as a function of the stimulus speed. On the other hand, the threshold time-to-contact (τ) model states that the interception movement should start at a constant τ, but the movement time decreased as stimulus speed increased.
Neural Responses to Real and Apparent Motion Stimuli during the Interception Task
A total of 776 neurons in the motor cortex and 766 neurons in area 7a fulfilled the criteria for number of trials and strength of responses in all tasks, and were analyzed further (see Methods). In the motor cortex, 502/776 (64.7%) cells showed statistically significant effects in the interception tasks, including 306 (39.4%) cells with significant effects of motion condition and/or stimulus speed in the ANCOVA, and 196 (25.3%) cells with statistically significant differences between the control and TET. In area 7a, 450/766 (58.7%) cells showed statistically significant effects in the interception tasks, including 321/766 (41.9%) cells with significant effects of motion condition and/or stimulus speed in the ANCOVA, and 129/766 (16.8%) cells with significant changes in activity between the control and TET. The number of neurons with a significant change in activity between the control and the visual stimulation period (RT) was the following: 188/776 (24.2%) in the motor cortex and 125/766 (16.3%) in area 7a.
The number of neurons with statistically significant effects of motion condition, stimulus speed and/or, motion condition × stimulus speed interaction is listed in Table 1 . An important group of neurons showed selective responses during real or apparent motion. In fact, the motion condition main effect was the most important factor driving the cell activity in both areas, followed by the motion condition × stimulus speed interaction. These results suggest that different neural systems were active during real and apparent motion interceptions in the motor cortex and area 7a. We investigated this further, as follows.
Time-varying Multiple Linear Regression
One of the primary objectives of the present study was to characterize the relations between the neural activity over time and different aspects of the stimulus and the hand response in both motion conditions. However, since the interception task was performed by both monkeys without eye position constrain, it was necessary to take into account a possible effect of eye position on the neural activity when determining the relations above. For this purpose, we first assessed the effect of eye position by using a time-varying multiple regression analysis and then removing it, if statistically significant, by taking the residual SDF and using it as the dependent variable in the main regression analysis. Thus, the relations between SDF and stimulus and hand parameters were determined independently of any eye position effects. These parameters included the cosine and sine of the stimulus angle, the time-to-contact (τ) of the stimulus with respect to the interception zone (270°), and the hand vertical force and rate of force change (see Methods). The regression was carried out using different time lags between the neural activity and the stimulus angle, τ and the hand force in an independent fashion, ranging from -160 to 160 ms in 40 ms steps (see Methods). The model with the best coefficient of multiple determination (R 2 ) for each cell during the real and apparent motion conditions were considered further if they showed a statistically significant effect (P < 0.001, F-test). For these models the residuals were examined for the presence of systematic trends (Draper and Smith, 1981) . No such trends were observed, which indicated that the obtained models were valid. An example of the residuals plotted against the predicted values is shown in the right panels of Figure 3A ,B. The percentage of neurons with a significant regression model, and with at least one significant factor (P < 0.01, t-test on the regression coefficient) was 515/776 = 66.4% in the motor cortex and 356/766 = 46.5% in area 7a. Most of these cells showed a significant regression model in the real or the apparent motion condition, and only 171 (171, 515, 33.2%) of the neurons in motor cortex and 39 (39/356, 10.9%) in area 7a showed significant regressions in both motion conditions. The R 2 of the statistically significant regressions varied substantially among cells, ranging from 0.055 to 0.76 in motor cortex, and 0.055 to 0.62 in area 7a; this spread can also be appreciated in the cumulative distribution plots of the R 2 (Fig. 4) . These distributions differed significantly between the two areas (P < 0.007, Kolmogorov-Smirnov test, two-tailed); the median R 2 was higher in the motor cortex (R 2 = 0.138) than in area 7a (R 2 = 0.125). These results document an engagement of varying strength of cells in both areas in the interception process. Next, we examine more specific aspects of this engagement.
Three different measures were used to characterize the relation between the neural activity and the stimulus and hand movement parameters (Ashe and Georgopoulos, 1994) . These measures were calculated in those regressions that showed a significant R 2 (F-test, P < 0.01). The first measure was the standardized regression coefficients, which were rank-ordered to determine the explanatory power of each parameter in relation to the other parameters. The results of this analysis showed clear differences between the real and apparent motion conditions (Fig. 5) . In the real motion condition, the hand force was the most important parameter for the motor cortex, whereas for area 7a was stimulus position. In contrast, in the apparent motion condition, τ was the most important parameter in the motor cortex followed by the hand force (Fig. 5A) , whereas in area 7a the time-to-contact and the stimulus position were the most important parameters (Fig. 5B) . Interestingly, very similar results were obtained when the same analysis was carried out in the interception task with eye fixation in monkey 2 (Fig. 6 ). The second measure was the percentage of times for which each parameter was statistically significant (P < 0.01, t-test), without taking into account the importance of that parameter in relation to the other parameters ( Table 2 ). The results of this analysis were similar to the first measure. Finally, the third measure was the number of significant parameters in every multiple linear regression; this measure indicated whether the neural activity was related to one or more parameters. Figure 7 shows that at least one or two of the parameters tested contributed significantly to the time-varying neuronal activity in both areas. However, there was a tendency to present more significant parameters in the motor cortex than in area 7a (Fig. 7) . A substantial proportion of cells in area 7a and motor cortex showed more than one significant parameter in their regression model. Hence, we were interested to determine whether particular combinations of variables were associated in the same cell with a frequency that was above chance. Specifically, we sought to establish whether the processing of sensory variables was associated to the encoding of motor variables, and whether there were differences in these relations between the real and apparent motion conditions in both areas. For this purpose, the results of the regression analysis were analyzed further by categorizing the result of the significant testing for each parameter in a dichotomous fashion (presence or absence of a significant effect). This produced counts of binary outcomes for stimulus angle, τ, hand force and force velocity that were used to construct 2 × 2 contingency tables, between the six possible combinations of variable pairs. We tested the significance of associations between these variables using χ 2 statistics and the φ coefficient (see Methods). The results of this analysis are shown in Figure 8 , where it is clear that the association between the sensory and motor parameters was very different in the two areas and both motion conditions. In the motor cortex during the real motion condition the hand force was significantly associated with the hand force velocity and the stimulus angle, whereas during apparent motion, the hand force was significantly coupled with τ and the hand force velocity. In addition, in area 7a for the real motion condition the stimulus angle was significantly associated with the hand force velocity, and τ was significantly coupled with the hand force velocity. Finally, in the apparent motion condition area 7a neurons showed significant associations between the stimulus angle and the hand force and force velocity. It should be noted that the sign of all these associations was negative, as revealed by the φ coefficient (Fig. 8) , which indicates that significant effects of different variables tended to occur separately, i.e. in different cells.
A different question concerns the time shifts of the stimulus angle, time-to-contact and hand force for which the highest R 2 was obtained for each cell. Since the independent variables were shifted with respect to the neural activity, a negative shift indicated that the variable was leading the neural activity (sensory response), whereas a positive shift indicated that the neural activity was leading the variable (predictive response). In the motor cortex, the neural time shift distributions were skewed towards the predictive side for the motor variables, with a median for the vertical hand force (Fig. 9C ) and the vertical hand force velocity (Fig. 9D ) of 40 ms. In addition, the distribution of time shifts for the stimulus angle and τ were bimodal, with the largest peaks at -160 and +160 ms and with a median of zero in both variables (Fig. 9A,B) . No significant differences were found between the distributions in the real and apparent motion conditions for stimulus angle, hand force and hand force velocity (Kolmogorov-Smirnov test, P > 0.05), although in the case of the time-to-contact the distributions in the real and apparent motion conditions were significantly different (Kolmogorov-Smirnov test, P = 0.02). Therefore, the encoding of the hand parameters in the time varying activity of the motor cortex preceded the change of variables, indicating that the motor cortical neural activity predicted the values of these parameters. In contrast, in area 7a the neural time shift distributions of the stimulus position (Fig. 10A) and τ (Fig.  10B) were skewed towards negative values (median -80 ms for both variables), indicating that area 7a neurons were responding to the change in these stimulus parameters. In addition, the time shift distributions of the neural activity in this area showed a median of 0 ms for vertical hand force (Fig.  10C) , and 40 ms for vertical hand force velocity (Fig. 10D) . Finally, no significant differences were found between these distributions in the real and apparent motion conditions in area 7a (Kolmogorov-Smirnov test, P > 0.05).
Task Comparisons
The results of the multiple linear regression analysis showed that the neural activity in motor cortex and areas 7a varied over time according to different stimulus and hand force parameters in the interception task. The hand force position and hand force velocity contributed significantly to the variation in neural activity, particularly in the motor cortex. Furthermore, the stimulus position was the most important parameter during real motion, whereas during apparent motion was the time-to- contact (τ). These results suggest that different sensory-motor aspects of the interception task are encoded dynamically in the neural activity of both areas, with a clear dichotomy in sensory processing between real and apparent motion conditions, particularly in the motor cortex. In the sections that follow, we compared the neural responses of cells during different tasks in an effort to determine whether these dynamic neural signals were context-dependent. Specifically, we compared the activity of neurons during the following tasks: interception, NOGO, center → out, and interception task with eye fixation.
These direct comparisons, allowed for the dissection of neural responses in the following categories: (i) visual responses to moving stimuli; (ii) motor activity involved in the production of the force pulse; (iii) neuronal activity potentially associated with the predictive process involved in the interception of the stimulus; and (iv) effects of the saccades and eye position on neural activity.
Comparison of the Neural Responses in the Interception and NOGO Tasks
We performed an ANCOVA on the neuronal activity during the NOGO task. The results are shown in Table 3 . Comparing these results with the ANCOVA for the interception task data described above (Table 1) , it was evident that more motor cortical neurons were modulated during the interception (n = 502, 64.7%) than during the NOGO task (n = 347, 44.7%; see Table 3 ). This is not surprising, since in the NOGO task the monkeys did not execute a motor response. Furthermore, the number of neurons in area 7a with significant effects in the ANCOVA was very similar in the interception (n = 450, 58.7%) and NOGO tasks (n = 436, 56.9%; see Table 3 ). Next we carried out a paired t-test analysis between the discharge rate of neurons during the control period and during the first 750 ms of the reaction time in both tasks separately. The results revealed that in the motor cortex 273/776 (35.2%) cells showed a significant relation only to the interception task, 61/776 (7.8%) cells showed a significant relation only to the NOGO task, and 97/776 (12.5%) cells showed significant relations to both tasks. The same analysis in area 7a revealed the following: 170/766 (22.2%) cells showed a significant relation only to the interception task, 96/766 (12.5%) cells showed a significant relation only to the NOGO task, and 150/766 (19.6%) cells showed significant relations to both tasks. Thus, in summary, more neurons were active during the interception task than during the NOGO task, predominantly in the motor cortex. Nevertheless, it is possible that the neural responses in the latter task may be involved in visual motion processing.
The analyses above assessed the overall difference in the cell activity between the interception and NOGO tasks. However, in order to characterize the dynamic patterns of activation during the two tasks, we performed a more detailed analysis for each motion condition and stimulus speed as follows. First, we determined the 'activation periods' during which the mean SDF was above the mean + 3 SD of the control SDF (1000 ms before stimulus onset; see Methods). Next, the discharge rate throughout each activation period was compared between the interception and NOGO tasks, using a one-way ANOVA. This analysis allowed the identification of three different cell types: (i) cells with significantly larger responses during the interception than the NOGO task; (ii) cells with responses that did not differ in the two tasks; and (iii) cells with significantly larger responses during the NOGO than the interception task. Figure 11 shows the rasters and SDF for motor cortical cells corresponding to types 1 (Fig. 11A) and 2 (Fig. 11B) . Similarly, Figure 12 shows examples of neurons in area 7a pertaining to the cell types 1 and 2. The numbers of cases (5 stimulus speeds × 2 motion conditions = 10 cases) in the motor cortex and area 7a corresponding to different types of cells are illustrated in Figure 13 . In both areas, neurons with significantly greater responses during the interception task (type 1) were more common than neurons with greater responses in the NOGO task (type 3), or with similar responses in both tasks (type 2), particularly in the motor cortex. These results indicate that a larger population of neurons is activated during the interception of moving stimuli than during the passive presentation of moving stimuli in the NOGO task.
We investigated then how the temporal profile of activation varied across cell types and areas. Figure 14 illustrates the population SDF for the activation periods of cells with significantly larger responses during the interception task in the motor cortex (filled, gray line) and in area 7a (open, black line). The population SDF for the interception task is shown in Figure 14A aligned to the stimulus onset, and in Figure 14C aligned to the onset of the interception movement. In Figure  14B ,D, the NOGO population SDF is illustrated aligned to the stimulus onset and to the beginning of the interception movement, respectively. It is evident that area 7a neurons not only showed an earlier response onset than the motor cortex neurons, but their responses were also best aligned to the stimulus onset (Fig. 16A) . In contrast, the activation periods in the motor cortex were best aligned to the movement onset (Fig. 14B,C) .
The number of neurons and cases with significantly larger responses during the NOGO than the interception task (type 3) was very small in both areas (Fig. 13) . Finally, neurons in area 7a with similar responses during the interception and NOGO task (type 2) had activation periods that were best aligned to the stimulus onset, and occurred earlier than those observed for the same type of responses in the motor cortex (Figs 15 and  16A ). In the motor cortex, the activation periods were best aligned to the interception movement. It is important to mention that most type 2 cells in the motor cortex (79.2% of the cases) and area 7a (66.8% of the cases) responded to real but not to apparent moving stimuli in the NOGO task.
The overall onset latencies of the two groups of cells (types 1 and 2) are shown in Figure 16 . When the PSDFs were aligned to the stimulus onset, the onset latencies of area 7a cell types 1 and 2 appeared consecutively, followed by the motor cortical cell types 1 and 2 (Fig. 16A) . Cell type 1 in the motor cortex showed long onset latencies and a large variance, because the activity was not well aligned to the onset of the stimulus. On the contrary, this type of motor cortical cells showed an onset latency closer to the beginning of the movement, followed by motor cortical cell type 2 and cell type 1 in area 7a (Fig. 16B ).
In conclusion, most of the motor cortical neurons showed an increase in discharge rate prior the onset of the interception movement, and did not respond in the NOGO task. These neurons may be engaged in the execution of the interception movement. However, an important group of motor cortical cells also responded during the NOGO task, with patterns of activation aligned to the onset of the stimulus motion. In addition, neurons in area 7a showed earlier responses to the onset on the moving stimulus during the interception and NOGO tasks, or during the interception task alone. This parietal activation was probably associated with visual processing of motion and the sensorimotor transformation that was taking place to trigger the interception movement. Interestingly, in both areas most of the neurons that responded during the interception and NOGO tasks (type 2) showed a selective activation for real moving stimuli.
Comparison of the Neural Responses in the Interception and Center → Out Tasks
Once the neurons with visual properties during the interception task were characterized, we determined the nature and temporal profile of the motor responses during the interception and center → out tasks in the motor cortex. First, we identified those neurons which showed a significant increase in discharge rate (from the control period) during the last 350 ms of the RT and during the MT in the interception task. Then, we identified those neurons that showed in the center → out task either a significant increase in discharge rate during the same epochs, or a significant effect of movement direction. Figure 11 . Rasters of spike trains (top) and mean spike density functions (bottom) for each motion condition and stimulus speed of two motor cortical cells during the interception and NOGO tasks. (A) Neuron that responded during the interception, but not in the NOGO task. (B) Neuron that was activated during the interception task in both motion conditions that also responded in the real motion condition during the NOGO task. The neural activity of five trials was aligned to the onset of the stimulus movement (0 s). The black bold portions indicate that the SDF was above the mean + 3 SD of the control period. The large vertical lines at the bottom of each raster represent the beginning and end of the interception movement. R, real motion; A, apparent motion. Stimulus speed is in degrees/s.
A group of neurons (216/776, 27.8%) showed significant relations in both tasks (Fig. 17C ). In addition, 54/776 (7%, Fig. 17A ) cells showed a significant relation only to the interception task, whereas 249/776 (32.1%, Fig. 17B ) cells showed a significant relation only to the center → out task. The remaining 257/776 (33.1%) of the motor cortical cells did not showed significant effects in either task.
In both tasks the animal applied a force pulse in the joystick to move the cursor in the appropriate direction to get the stimulus. However, in the interception task this force pulse was always exerted downward (270°), whereas in the center → out it was applied in eight directions. Therefore it is not surprising that the preferred direction distribution of most of the cells with a significant modulation only during the center → out task was skewed, avoiding the 270° direction used in the interception movement ( Fig. 17B ; mean angle 112°; Rayleigh test, P = 0.003; see Mardia, 1972) . In contrast, the preferred direction distribution of the cells that showed significant relations to both tasks was evenly distributed ( Fig. 17C ; Rayleigh test, P = 0.308).
Thus in general, neurons that responded during the last part of the reaction time and during the movement time in the interception task, also responded during the center → out task. These neurons, then, were probably involved in the force pulse generation in both tasks. Nevertheless, it is interesting that a group of motor cortical cells responded exclusively during the interception task, suggesting their involvement in the sensorimotor transformations taking place in this task. These responses were probably engaged in the link of visual motion signal to the predictive mechanism that controls the initiation of the interception movement.
Neural Responses in the Interception with and without Free Eye Movements
The neural activity during the interception of moving stimuli with or without eye fixation requirements was compared in monkey 2 using two different measures. First, we compared the proportions of neurons that showed significant effects in motion condition and/or stimulus speed (ANCOVA, P < 0.05), or a significant increase in discharge rate between the control period and the TET (ANOVA, P < 0.05) in these two tasks. Table 4 shows the results of these analyses, where it is evident that the proportion of significant cells between the interception task with or without eye fixation was very similar in both areas. In fact, the number of significant cells did not differ significantly between the two tasks in area 7a (χ 2 = 4.92, df = 3, P = 0.178), or motor cortex (χ 2 = 2.88, df = 3, P = 0.41).
The second comparison measure was a paired t-test between the discharge rates during the TET in the two tasks. We found that 313/399 (78.5%) and 272/357 (76.2%) neurons in motor cortex and area 7a, respectively, did not show significant differences. Nevertheless, in motor cortex 33/399 (8.3%) neurons showed a larger discharge rate during interceptions without eye fixation, and 53/399 (13.3%) during interceptions with eye fixation. In area 7a, 45/357 (12.6%) neurons showed a larger discharge rate during the interception task without eye fixation requirements, as did 40/357 (11.2%) during the interception task with eye fixation. These results indicate that although most of the neurons in both areas showed similar discharge rates when the monkey was performing the interception with or without the eyes fixated, there was a neural population that might be related to eye fixation, and another population associated with the eye movements performed during the interception task. In fact, post-saccadic and eye position signals have been previously reported in area 7a (Barash et al., 1991) . Nevertheless, the difference in cell properties during the interception with or without eye fixation is too small to explain the large effects of motion condition, stimulus speed, stimulus angle, time-to-contact, hand vertical force and force velocity described in the previous sections. In fact, as we mentioned above, the multiple regression analysis showed that similar proportions of neurons showed significant effects on the stimulus and hand-arm parameters during the interception with (Fig. 6 ) and without eye fixation (Fig. 5) . Finally, it should be noted that this experiment was not designed to test the effects of eye movements per se but the possible effects of eye movements on neuronal discharge in the context of this study were accounted for by either controlling the eye position (by eye fixation) or by removing their possible influence using regression analysis.
EMG Activity
A time-varying multiple linear regression was performed using the mean EMG activity as the dependent variable, and the cosine and sine of the stimulus angle, the variable τ, the hand vertical force and force velocity as independent variables. This regression was computed for 13 shoulder, upper and forearm muscles (see Methods). Of these muscles the following showed a significant R 2 (F-test, P < 0.01) in the regression: rhomboideus major (R 2 = 0.59), pectoralis major (R 2 = 0.4), biceps brachii (R 2 = 0.66), extensor digitorum communis (R 2 = 0.69), supraspinatus (R 2 = 0.34), infraspinatus (R 2 = 0.3) and latissimus dorsi (R 2 = 0.38). In most of these muscles, the standardized coefficient that was ranked 1 was the hand force. These included in the real motion situation, the rhomboideus major, pectoralis major, biceps brachii, extensor digitorum communis and latissimus dorsi. In the apparent motion condition, the muscles where the hand force standardized coefficient was ranked 1 included: the rhomboideus major, pectoralis major and extensor digitorum communis. In addition, in the apparent motion condition the rate of change of hand force was the coefficient ranked 1 in the biceps brachii and the latissimus dorsi. Finally, the standardized coefficient of τ was ranked 1 only in the supraspinatus and infraspinatus, and the standardized coefficient of stimulus angle was never ranked 1 in any muscle. The median of the time shift at which the highest R 2 were observed was 20 ms for the real motion and 0 ms for the apparent motion condition.
Overall, these results indicated that the EMG activity of most of the shoulder, upper and forearm muscles during the interception task showed a clear time-varying relationship with the hand force and hand force velocity. Therefore, the EMG activity did not account for the tight relation between the neural activity and the stimulus position and/or τ observed in a large group of cells in the motor cortex and area 7a (see above).
Discussion
In this study we examined the descriptive and quantitative relations between the neural activity in motor cortex and area 7a, and various stimulus and movement parameters of interception. Two main complementary results were obtained. First, a group of neurons in each area responded in the interception and NOGO tasks, indicating that the stimulus processing and the preparation and production of the interception movement depends on a distributed system engaging frontal and parietal areas. Secondly, a multiple regression analysis revealed that the sensory variables were better represented in the activity of area 7a neurons during interception task, whereas the motor parameters were better accounted for in the activity motor cortical cells. Nevertheless, the neural activity in area 7a showed a clear modulation by motor variables, and the motor cortical activity showed also a representation of sensory parameters. In fact, this analysis also revealed that during the real motion situation the stimulus angle was the most important stimulus parameter encoded in both areas, whereas during the apparent motion condition the time-to-contact became the parameter with the larger explanatory power in the motor cortex. These results suggest that different neural mechanisms are engaged in the perception and sensorimotor transformations associated with the interception of these two types of moving stimuli. These issues are discussed below.
Different Neural Mechanisms Engaged in the Interception of Real or Apparent Motion Stimuli
The different analyses performed in the present study suggested that partially overlapping neural populations were involved in the processing of interception of real or apparent motion stimuli. First, the ANCOVA showed that most of the neurons in motor cortex and area 7a were activated selectively in the real or the apparent motion conditions, in both the interception and NOGO tasks. Secondly, the multiple linear regression analysis indicated that in the real motion condition, the stimulus direction was the most important stimulus factor to explain the variation in cell activity in area 7a, and was the second most important parameter in motor cortex, preceded by the hand force. Conversely, in the apparent motion condition the time-to-contact, τ, was the most important explanatory parameter in motor cortex, and the second most important variable in area 7a. Thus these findings suggest that not only different populations of neurons are involved in the real or apparent motion interceptions, but also that the stimulus parameters encoded by these ensembles were different in the two motion conditions.
The prevalence of stimulus position signals during the real motion situation in the multiple regression analysis suggests that neural populations in motor cortex and area 7a were engaged in processing the stimulus position over time, and that this information was probably used to trigger the interception movement in the real motion condition. This hypothesis is supported by the finding that neurons in motor cortex are modulated by the stimulus position during the real but not during the apparent motion conditions in the NOGO task (Merchant et al., 2003b) .
On the other hand, the time-to-contact, τ, was the most important explanatory parameter in apparent motion interceptions in motor cortex, and was the second most important in area 7a, preceded by the stimulus angle. This is the first time that a neural correlate of the first-order estimate of the time to arrival is reported in primates. Neurophysiological studies performed in the pigeon and the locust, however, have reported looming-sensitive neurons that signal the time-tocontact using τ (Hatsopoulos et al., 1995; Rind and Simmons, 1999) .
We assumed that in the apparent motion condition the animals intercepted a stimulus that was the perceptual 'reconstruction' of motion based on a sequence of stationary stimuli (Port et al., 1996) . In separate psychophysical experiments performed in nine human subjects, we observed that the detection threshold for apparent motion was 314°/s (ISI 223.3 ms; H. Merchant et al., unpublished observations) . Taking into consideration the similarities in visual processing between human subjects and monkeys, it was possible that at speeds above 314°/s the monkeys were using the perceptual integration of motion to intercept the apparent moving stimuli. However, we can not rule out the possibility that in this condition the monkeys used the timing between dots to solve the interception task. In fact, we found a population of neurons in area 7a that signaled the onset of the flashing dots during the NOGO task (Merchant et al., 2003b) . Therefore, it is possible that this type of neural signal could be the primary source of information for the integration of the time-to-contact. Consequently, a suitable hypothesis is that during the interception of apparent moving stimuli the critical variable was time rather than the stimulus location information. Most of the neurons that responded during both the interception and NOGO tasks (type 2 neurons) were activated during the real but not the apparent motion condition. In the NOGO task, the stimulus position information was available.
However, the time-to-contact was not a meaningful parameter, since there was no interception. Therefore, this suggests that (i) the neurons that encoded time information did not respond in the two tasks because τ was not a relevant variable in the NOGO task; and (ii) the type 2 cells were probably associated to the stimulus position.
It is worth mentioning that in area 7a the stimulus position was the most important parameter in the multiple regression analysis during apparent motion, followed by τ. These two parameters were processed by different neural ensembles in this area, as revealed by the contingency table analyses. Thus, even if the two stimulus signals were present in area 7a during apparent motion, only the time-to contact signal reached the motor cortex in this situation.
Based on all this evidence, it is possible that the neural mechanisms that controlled the initiation of the interception movement differed in real and apparent motion. We suggest that the neural representation of stimulus position over time was the signal used to initiate the movement during the interception of real moving stimuli. This hypothesis implies that the interception movement could be started when the stimulus position signal reached a specific value, a mechanism that will follow the distance threshold model (van Donkelaar et al., 1992) . In contrast, the interception movement in the apparent motion situation was possibly triggered when the neural representation of τ reached a particular value. This neural mechanism, then, will follow the threshold τ model (Lee, 1976; Port et al., 1997) . Nevertheless, it is important to mention that interception behavior of the monkeys did not follow threshold distance or threshold model in the real or apparent motion conditions (Merchant et al., 2003a) . Therefore the interception performance of the animals did not validate or reject the hypothesis stated.
Cell Activity Associated to the Interception Movement
A very interesting finding of this study was the identification of neurons in the motor cortex which responded during the interception task but did not respond during the center → out task. This group of motor cortical cells may encode some features of the sensorimotor transformations taking place during the interception of real and apparent moving stimuli, including the link of visual motion signal to the predictive mechanism that controls the initiation of the interception movement. Nevertheless, the majority of cells responded during both tasks or just during the center → out tasks. In addition, the multiple regression analysis indicated that the hand force was the most important explanatory parameter in the motor cortex in the real motion, and the second most important parameter in the apparent motion condition. These results, then, are concordant with several studies that have demonstrated that the magnitude (Thach, 1978; Evarts, 1981) and predominantly the direction of force are represented in the activity of motor cortical cells (Georgopoulos et al., 1992; Taira et al., 1996 ; for review, see Ashe, 1997) . Furthermore, the time shift of cell activity for obtaining the highest R 2 was 40 ms, which is consistent with the average shift values obtained in other studies in 2D movement tasks (Humphrey et al., 1970; Schwartz, 1993; Ashe and Georgopoulos, 1994) . Finally, the hand force was also an important explanatory parameter in area 7a in the real motion condition, supporting the idea that area 7a neurons produced an early command signal for triggering the interception movement (Mountcastle et al., 1975; see below) .
Distributed Neural System Engaged during the Interception Task
Despite the fact that the neurons in motor cortex responded to visual motion stimulation and to different parameters of the stimulus motion, most of the motor cortical cell activity was driven by the interception movement. In addition, the temporal profile of activation in the motor cortex was linked to the onset of the force pulse (Figs 5, 13 and 14) . In contrast the neural activity in area 7a was mostly engaged to the sensory aspects of the interception task, and the neural responses in this area were tightly associated to the onset of the stimulus movement. This suggests that the sensory motor transformations engaged in the interception task include a parieto-frontal distributed system that shows functional gradients. These functional gradients may be defined in large part by the connectivity of its elements (Mountcastle, 1978; Johnson et al., 1996; Battaglia-Mayer et al., 2001) .
From the sensory viewpoint, area 7a is reciprocally connected with multiple visual areas including MST, the parieto-occipital area (PO), V2, the fundus superior temporal (FST) and the superior temporal polysensory area (STP) (Cavada and Goldman-Rakic, 1989a ). In addition, several studies have indicated that neurons in area 7a respond to complex moving visual stimuli (Motter and Mountcastle, 1981) , including rotatory stimuli (Sakata et al., 1986 (Sakata et al., , 1994 and optic flow (Siegel and Read, 1997; Merchant et al., 2001b Merchant et al., , 2003b . Indeed, due its connectivity and physiology, area 7a has been considered at the top level of the visual motion dorsal stream (Andersen et al., 1990; Felleman and Van Essen, 1991; Merchant et al., 2003c) . Therefore, in the present study it was not surprising to find circular motion signals in area 7a. However, this area is also engaged in the integration of visual information to plan a movement, including the coordinate transformations taking place during visually guided behaviors, and the early planning of reaching movements. Neurons activated during reaching have been reported in this area (Mountcastle et al., 1975; MacKay, 1992) , and lesion experiments have demonstrated that reaching to stationary stimuli is disrupted after the removal of area 7a (LaMotte and Acuna, 1978; Rushworth et al., 1997) . In this sense, the neurons in area 7a that responded exclusively during the interception task and showed significant effects on hand force in the multiple regression analysis, may well be part of the initial command signal to intercept moving stimuli using visual information (Mountcastle et al., 1975) . There are several possible anatomical routes by which information from area 7a could reach the motor cortex. The first is through the weak but direct connections to dorsal premotor cortex (Tanne-Gariepy et al., 2002) . A second cortico-cortical pathway is via area 7m which projects to dorsal premotor cortex (Cavada and Goldman-Rakic, 1989a; Johnson et al., 1996) , or via area 7b which projects to area 5 (Cavada and Goldman-Rakic, 1989a) . In turn, dorsal premotor cortex and area 5 are reciprocally linked to motor cortex (Muakkassa and Strick, 1979; Caminiti et al., 1985; Tokuno and Tanji, 1993) . Another possible route could be through dorsal prefrontal cortex (Cavada and Goldman-Rakic, 1989b) which is connected to the dorsal premotor cortex (Goldman-Rakic, 1987; Lu et al., 1994) . Finally, area 7a may influence many premotor areas and the motor cortex through its extensive subcortical connections to the basal ganglia and the pontinocerebellar systems (May and Andersen, 1986; Yeterian and Pandya, 1993 ) that reach the precentral areas through the 'motor' thalamus, including the ventrolateral and ventral anterior nuclei (Percheron et al., 1996; Hoover and Strick, 1999) .
Visual motion information can reach the motor cortex through several pathways, as mentioned above. At the neurophysiological level, responses to visually moving stimuli have been reported previously (Wannier et al., 1989; Port et al., 2001) , including complex stimuli such as optic flow (Merchant et al., 2001b) . In addition, it has been observed that the activity of motor cortical cells is modulated by the initial stimulus velocity during an interception task ). Therefore, motor cortical cells have access to specific aspects of visual motion information, even in the absence of a motor response. However, there is still the possibility that the NOGO activity is not related to the visual stimulus, but to the preparation of an inhibited movement, that is planned but not executed. We think that this is unlikely, since not only the descriptive but also the quantitative analysis of the motor cortical activity revealed a strong visual motion signal during the interception and NOGO tasks. In addition, the EMG analysis showed that the temporal profile of muscular activation during the interception task was directly linked to the onset of the hand force pulse, not to the stimulus parameters.
In conclusion, area 7a and motor cortex are probably part of a parieto-frontal system engaged in the interception of moving targets. Under this framework, neurons in area 7a process the high level features of the circularly moving stimuli and produce an early command signal for stimulus interception. This information can be transmitted through different potential nodes of this distributed system to the motor cortex, where some aspects of the visual stimulus are still processed to trigger the interception movement using a predictive mechanism.
